Introduction: Mechanical ventilation is one of the indispensable tools in pediatric intensive care units. Few studies addressed the epidemiology of pediatric patients on mechanical ventilation and the frequently used modes of ventilation. This is the first study to describe the practice of mechanical ventilation (MV) in Egyptian pediatric intensive care units (PICUs). Methods: This prospective observational study was conducted from January 2014 to December 2014 in two pediatric intensive care units at Cairo University Pediatric Hospital. The study included all children who were intubated and mechanically ventilated for more than 12 hours of admission. Pre-coded data was entered into the SPSS version 21 for data analysis. Comparison between groups was performed using Mann Whitney test for quantitative variables and Chi square with Fisher's exact test for qualitative ones. Multivariate logistic regression model was conducted to explore the significant predictors for PICU mortality. Results: In total, 893 children were admitted and 293 were mechanically ventilated. The incidence of utilizing MV in children was 32.8%. Neurologic causes were the most common reasons for initiation of MV, with 114 (38.9%) cases. The most commonly preferred mode for initiation of MV is SIMV with PS. Complication occurred in 117 (39.9%) of the cases. The most commonly preferred method of weaning was PS with CPAP in 115/154 (74.7%) cases. Mortality occurred in 134/293 (45.7%) of patients. Duration of mechanical ventilation was significantly longer with neuromuscular diseases, and with the occurrence of complications (p<0.001). There was a significant relationship between mortality and higher PRISM III score, cardiovascular cases, sepsis, multiple organ dysfunction syndrome (MODS), ventilator-associated pneumonia (VAP), and with barotrauma. Conclusions: In our practice, MV is used oftentimes with almost a third of admissions requiring intubation for different reasons. Most children are ventilated due to neurologic causes. This study paves the way for improving our knowledge of MV with avoiding the fatal complications.
Introduction
Mechanical ventilation (MV) in PICU is a major therapeutic modality, and a major indication for PICU admission. The frequency of utilizing MV, according to previous studies, varies from 24-60% of all pediatric intensive care units (PICUs) (1-4). Two multicenter studies, the International Group for Mechanical Ventilation in Children (IGMVC) and the Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) have studied characteristics of pediatric patients on MV (6, 7) . Pediatric patients on MV are the severest of cases requiring PICU admission. MV is employed for a variety of reasons and with different modes and variable outcomes. The extended knowledge of MV is valuable in various aspects; optimizing its use in critically sick children, and allocation of hospital resources as utilization rate determines the needed number of PICU beds (5) . To our knowledge this is the first study to describe the characteristics of pediatric patients on MV in our country, which is important in intensifying training for its use and avoiding lethal complications. Our study aimed at assessing the reasons for using MV, clinical spectrum,
Definitions
VAP was diagnosed in patients on ventilation for more than 48 hours with a new persistent infiltrate, on chest radiograph and at least 3 of the following; fever, leucopenia or leukocytosis, increased sputum production, rales, cough or worsening gas exchange (8) . ARDS was defined according to the new Berlin definition (9) . The spontaneous breathing trial (SBT) was defined as lasting from 0.5 to 2 hours performed with either, PSV < 10 cm H2O or a T-piece, or continuous positive airway pressure < 5 cm H2O, before extubation (10) . Sepsis was defined according to international consensus conference on pediatric sepsis (11) . Organ function status was evaluated according to the score described by Marshall et al. Five organ dysfunctions (lung, liver, kidney, hemodynamic and consciousness) were scored daily from no dysfunction to four points (severe dysfunction). Failure of organ function was considered at three or more points (12).
Ethical considerations
The aim and nature of the study was explained for each parent before inclusion. An informed written consent was obtained from parents or caregivers before enrolment. The study design conformed to the requirements of the latest revision of the Helsinki Declaration of Bioethics (13) . The Scientific Research Committee of Pediatrics DepartmentFaculty of Medicine -Cairo University revised and approved the study design.
Statistical analysis
Pre-coded data was entered into the IBM© SPSS© Statistics version 21 (IBM© Corp., Armonk, NY, USA) for data analysis. Data was summarized using range, mean, standard deviation and median with interquartile range (IQR) for quantitative variables, and frequency and percentage for qualitative ones. Comparison between groups was performed using a Mann Whitney test for quantitative variables and Chi square with Fisher's exact test for qualitative ones. Multivariate logistic regression model was conducted to explore the significant predictors for PICU mortality with logarithmic transformation of the quantitative variables to assume normality. The p -values less than 0.05 were considered statistically significant, and less than 0.01 were considered highly significant.
Results
In 2014, there were 893 patients admitted to two pediatric intensive care units. Of the 893 patients, 293 were ventilated with invasive MV, making the incidence of mechanically ventilated children 32.8%. Clinical variables as age, sex, cause of mechanical ventilation whether surgical and medical, PRISM III score and duration of MV were presented in Table 1 Table 2 : Neurological etiology in 101 cases, respiratory in 65 cases, cardiac in 54 cases, sepsis in 34 cases, NMD in 16 cases, renal in 6 cases, post-operative in 2 cases and other reasons in 15 cases. The access to airways were through endotracheal tubes in most cases, while 4 cases were tracheostomized (1.4%). Regarding the modes used at the initiation of mechanical ventilation, SIMV + PS mode, AC/PCV mode, AC/VCV, and PS were used in 49%, 29%, 13%, and 9% of cases respectively. Duration of mechanical ventilation ranged from 2-90 days (median 9 and IQR = 5-15). PaO2/FIO2 ratio was classified into 3 groups< 200, 200-300 and > 300. ARDS occurred in 26 (8.9%) cases. Complications occurred in 117 (39.9%) cases that is 29.5 per 1000 ventilation days, classified as the occurrence of VAP in 80 (27.3%) (20. 19/1000 ventilation), pneumothorax 31 (10.6%) (7.82/1000 ventilation days), atelectasis 13 (4.4%) (3.28/ 1000 ventilation), and post extubation stridor (PES) 7 (2.4%) (1.76/1000 ventilation). More than one complication occurred in 14/117 patients. Of the survived patients, eight were still not weaned till the study terminated. Methods of weaning were recorded in survived subjects, pressure support (PS) with CPAP in 115/154 (74.7%) of cases, CPAP alone in 20 (12.9%), t-tube in 11 (7.1%) and unplanned accidental extubation in 8 (5.1%). The occurrence of multiple organ dysfunction syndrome (MODS) was reported in 121 (41.3%). Mortality occurred in 131/293 (44.7%) of ventilated patients. Causes of mortality were sepsis in 53 cases (40.5%), intractable heart failure in 33 (25.2%), ARDS in 28 (21.4%), brain death in 14 (10.7%) and hepatic failure in 3 (2.3%). Duration of mechanical ventilation was significantly longer in NMD (41.1 ± 33.9 with median 28.5) (p 0.001), and with the occurrence of complications (20.8 ± 17.8 with median 16) (p < 0.001). Expired patients stayed less on MV than survived ones (p < 0.001). Higher mortality rates were significantly related to higher PRISM III score 18.6 ± 12.1, cardiovascular cases, with sepsis, lower PaO2/FIO2 ratio < 200 and 200-300, MODS, and with the occurrence of barotrauma and VAP. While lower mortality rates occurred with respiratory cases (Table 3) . Multivariate logistic regression model was conducted to explore the significant predictors for PICU mortality. Both PRISM score and MV duration were subjected for logarithmic transformation to assume normality, R 2 = (0.585-0.782), the only significant predictors were presence of complications, MODS, PRISM III on admission and MV duration (Table 4) . 
Discussion
This study is the first study to address the practice of MV in pediatric intensive care in an Egyptian university hospital. Studies were performed elsewhere; in USA, Canada, Italy and other countries, to investigate the use of MV in their PICUs (2, 3, 5, 17), however we have different subjects' characteristics and different risk factors added to the limited financial resources. The majority of our patients are of low socioeconomic backgrounds; in addition, they are referred to our center in a rather late stage of diseases that adds to the complexity of their disease. The incidence of utilizing mechanical ventilation in our units is 32.8%. Other published studies reported incidence rate of MV utilization 35%-64% (4, 6, 7) . In the present study, neurologic causes were the most frequent reason of ventilation 144 (38.9%). Other studies reported a high incidence of neurologic causes for MV; 32 and 36% in less developed countries (1, 3). These results contrasted with other published studies on pediatric subjects, as the most common Page 4375
indications were respiratory causes that represented 60% -75% of ventilated subjects (4, 6, 7, (14) (15) (16) . This can be explained by being a tertiary care hospital, most cases referred to us are severe and complicated neurologic cases. Most respiratory cases are treated at their local hospitals. Also, the warm climate all year round except January and February months which are cold winter months, explains the low incidence of viral respiratory infections. The most common mode of ventilation used initially was pressure control with SIMV and PS (49% of cases). Harel et al. reported that the preferred mode for initiating the MV in infants and children was SIMV with a percentage ranging from 65% to 82%, followed by PCV (2-17%) (17) . MV use is not without complication. It can no longer be viewed simply as a harmless modality deployed to support the subject while disease-specific treatments are used to treat the underlying pathology (18) . Those complications may prolong the duration of MV itself, or the overall duration of hospitalization, or increase subject mortality (19) . Complication occurred in 117 (39.9%) cases, subjects with VAP had the highest incidence with 80 cases (27.3%) accounting for 20.19 per 1000 ventilation days. These results were similar to the results obtained by Principi and co-workers who found a complication rate of 40% in mechanically ventilated children; however, atelectasis was the most common complication found in 16.7% of cases in the Principi study (19) . Unfortunately, the incidence of VAP in our units is still very high, although we are trying to endorse VAP bundle, still there is a missing link with our low-staffed units and the absence of infection control personnel monitoring during night shifts.
Ratio of VAP was high in our study compared to the incidence of VAP in high-income countries; (2.1-5.5 per 1,000 days) according to NNIS and INNIC surveillance data (20) . While Elward and co-workers recorded VAP incidence of 11.6/1000 ventilator days (21) . In children SBTs in pediatrics have been shown to be feasible and to have a high sensitivity for predicting extubation success (22) . SBT with pressure support mode of weaning is the preferred method of weaning in our practice, used in 115/154 (74.7%) of survived subjects. ARDS came in third place as a cause of mortality occurring in 28 (21.4%), which was lower than other studies. ARDS, as a cause of mortality in MV children was found to be 32%-36.5% in two European studies (23, 24) , while this ratio was doubled in an Asian study to reach 60% (25) . We have found mortality rate to be (44.7%) in our study and this mortality was significantly higher with higher PRISM III, MODS, cardiovascular cases, barotraumas, occurrence of VAP, and ARDS, while respiratory cases had the lowest mortality. According to the age groups, infants less than 1 year had the higher mortality than older age groups; 71/131 (54.2%), however it was not statistically significant (p=0.6). Multivariate logistic regression model was conducted, R 2 = (0.393 -0.526), the only significant predictors were presence of MODS, PRISM III score. Reported mortality of children on MV in developed countries were 1.6 -15% (4, 5, 7, 26) , while mortality rate was higher in less developed countries 30-3% -58.3% (3, 17) . Prognosis of mechanically ventilated children was reported to be related to high PRISM score, and the presence of MODS in other studies (26, 27) . Regarding the limitation of the study, the study did not include arterial blood gases (ABGs) parameters, or ventilator setting changes used in the study according to ABGs.
Conclusions
MV is frequently deployed in PICU practice. Most children are ventilated due to neurologic causes. The most common mode of ventilation is pressure control with SIMV and PS, while the weaning mode of choice is PS with CPAP. Mortality rate was high and correlated with higher PRISM III score and MODS. We believe that this study described our employment of ventilation in Egypt adequately in one of its biggest pediatric hospitals, and that pediatric intensivists still cling to conventional modes of ventilation, and decline to use newer modes. We recommend extensive training of the physicians and nurses to decrease complications rate.
